Purpose The purposes of this study were to estimate the prevalence of emotional distress in a large cohort of adult survivors of childhood cancer and to evaluate the interrelationship of risk factors including cancer-related late effects. Methods Adult survivors of childhood cancer (N=1,863), median age of 32 years at follow-up, completed comprehensive medical evaluations. Clinically relevant emotional distress was assessed using the Brief Symptom Inventory 18 and was defined as T-scores ≥63. Odds ratios (ORs) and 95 % confidence intervals (CIs) were calculated using multivariable logistic regression models to identify risk factors for distress. Path analysis was used to examine associations among identified risk factors. Results Elevated global distress was reported by 15.1 % of survivors. Cancer-related pain was associated with elevated distress (OR 8.72; 95 % CI,. Survivors who reported moderate learning or memory problems were more likely to have elevated distress than survivors who reported no learning or memory problems (OR 3.27; 95 % CI, 2.17-4.93). Path analysis implied that cancer-related pain has a direct effect on distress symptoms and an indirect effect through socioeconomic status and learning or memory problems. Similar results were observed for learning or memory problems. Conclusions Childhood cancer-related morbidities including pain and learning or memory problems appear to be directly and indirectly associated with elevated distress symptoms decades after treatment. Understanding these associations may help inform intervention targets for survivors of childhood cancer experiencing symptoms of distress. Implications for Cancer Survivors A subset of long-term childhood cancer survivors experience significant emotional distress. Physical and cognitive late effects may contribute to these symptoms.
Introduction
Improvements in treatment regimens and care delivery over the past four decades have dramatically increased survival rates among children diagnosed with cancer [1] . The National Cancer Institute estimates that in the USA, there were 363,000 survivors of childhood cancer in 2009 [2] . With the success of treatment, there is a growing body of evidence from large cohort studies [3] [4] [5] [6] that childhood cancer survivors may experience myriad physical and psychosocial late effects including chronic health conditions [7] [8] [9] [10] , physical impairment and disability [11] [12] [13] [14] , neurocognitive dysfunction [15] [16] [17] , and symptoms of emotional distress [18] [19] [20] [21] [22] [23] .
Although, in general, survivors have not reported substantially different frequencies of emotional problems than have comparison groups without a cancer history, there are subgroups of survivors who appear vulnerable to increased risk of emotional distress [22] . Emotional distress in childhood cancer survivors may result in impaired quality of life [21, 24] and suicide ideation [25, 26] . Some of the risk factors associated with emotional distress in survivors are consistent with those observed in the general population, such as female sex, older age at evaluation, unemployment, lack of health insurance, low educational attainment, and limitations in physical ability [11, 13, 21, 23, 24, 27, 28] . Previous studies have shown that cancer diagnosis [11, 18, 24] and cancer treatment [20, 21, 29] are also associated with emotional distress. However, the mechanisms underlying emotional distress still present many years after treatment completion are not clearly understood.
It is possible that the presence of adverse late effects, rather than the remote cancer diagnosis or treatment history, influences survivors' emotional well-being. Two plausible and potentially modifiable late effects that may be relevant are cancer-related pain [7, 25, 30] and learning or memory problems [31, 32] . Because there is limited literature investigating the direct association of these two cancer-related late effects with emotional distress in survivors of childhood cancer and there are interventions available to remediate both cancerrelated pain and learning or memory problems [33] [34] [35] [36] [37] , an investigation of these associations is important. In addition, previous studies have generally focused only on the individual contribution of various risk factors to emotional distress and have not considered potential interrelations among them.
The purposes of this study were to estimate the prevalence of emotional distress in a large cohort of adult survivors of childhood cancer and to evaluate potential risk factors for emotional distress, such as cancer-related pain and learning or memory problems, and investigate their interrelations in a large cohort of adults treated for cancer during childhood.
Methods

Participants and procedure
St. Jude Children's Research Hospital (SJCRH) has established a clinical cohort of survivors of childhood cancer, the St. Jude Lifetime Cohort Study (SJLIFE), who were treated at SJCRH, survived at least 10 years after diagnosis, and are 18 years of age or older at enrollment [38] . Clinical assessment in SJLIFE includes a risk-based screening evaluation consistent with the Children's Oncology Group Long-Term FollowUp Guidelines [39, 40] . Participants undergo various evaluations including ascertainment of health history, physical examinations, laboratory assessments, and physical performance assessment including aerobic capacity, sensation, flexibility, balance, muscle strength, mobility, and gross and fine motor functions. Protocol enrollment started in December 2007 and is ongoing. The current study included all eligible SJLIFE participants enrolled as of April 30, 2012 who completed surveys assessing interval medical events and emotional distress, as well as a clinical visit and functional evaluation (N=1,863).
Primary outcome
Emotional distress was assessed using the Brief Symptom Inventory 18 (BSI-18) [41] , which asks respondents to rate their level of distress within the previous 7 days. The BSI-18 is a self-report symptom checklist that has been widely used as a screening tool for emotional distress in the general medical population and in the context of cancer patients and cancer survivors [42] [43] [44] [45] . The BSI-18 includes three subscales, anxiety, depression, and somatization, and a summary score, the global severity index (GSI). The GSI and subscale scores were converted to T-scores using sex-specific normative data [41] . T-scores ≥63 were considered to represent clinically relevant emotional distress. This cutoff point has been widely used to define elevated emotional distress in childhood cancer survivors [17, 22] . The values of GSI and the subscale scores were coded in the analyses as 1 for elevated distress and 0 for nonelevated distress.
Independent variables
Cancer-related variables included self-reported cancer-related pain quantified on a 5-point scale (1 = very bad, excruciating pain and 5 = no pain) and self-reported learning or memory problems quantified on a 4-point scale (1 = severe or disabling problem and 4 = no problem). The survey questionnaire completed by participants combined learning and memory problems into a single question, making it not possible to distinguish the two from each other.
Sex, race, age at the time of SJLIFE evaluation, and socioeconomic status (SES) were also considered as independent variables in the models. Factorial validity of SES as a latent variable was determined through exploratory and confirmatory factor analyses. Socioeconomic factors used to construct this variable included educational attainment quantified on a 4-point scale (1 = did not graduate from high school and 4 = college graduate or post-graduate level); employment status quantified on a 3-point scale (1 = unable to work due to illness or disability and 3 = caring for home or family (not seeking paid work), or student, or retired, or working part-or fulltime); and health insurance quantified on a 3-point scale (1 = none and 3 = Canadian resident, or through spouse's or parent's policy, or through place of employment, or through self-purchased policy).
Physical ability factors included functional mobility, balance, and hand grip strength and were measured by a trained exercise physiologist. Functional mobility was evaluated by the 6-min walk (6MW) test [46] . The distance walked was recorded in meters and analyzed as a continuous variable. Balance was measured by the sensory organization test (SOT) [47, 48] , and grip strength (in kilograms) was measured using a Jamar hand grip dynamometer [49] . For hand grip strength, each participant completed three trials and the maximum value between the left and right hands was computed for this analysis.
Statistical analysis
Bivariable logistic regression models were used to identify variables associated with a GSI ≥63 as an indicator of elevated emotional distress. Factors significant at the p<0.1 level in bivariable analyses were selected for inclusion in the multivariable logistic regression models to calculate odds ratios (ORs) and corresponding 95 % confidence intervals (CIs). Sequential regression imputation was used with ten replications [50, 51] for missing data on five potential risk factors: cancer-related pain (1.56 % missing), learning or memory problems (2.04 % missing), education (2.58 % missing), employment (0.38 % missing), and health insurance (0.27 % missing). For bivariable and multivariable logistic regression, the jackknife repeated replication method was applied to estimate variances [52] . Both direct and indirect effects were examined using path analysis to evaluate the predictors of global distress. A two-step procedure [53] was used to first find an acceptable model fit in confirmatory factor analysis and then to modify and alter the model to assure the best representation of the theoretical model of interest. The maximum likelihood estimation method was used to evaluate models and to estimate the parameters of the individual independent variables. The best fitting model was based on established structural equation modeling (SEM) fit criteria: root mean square error of approximation (RMSEA), standardized root mean square residual (SRMSR), goodness of fit index (GFI), adjusted GFI (AGFI), Bentler comparative fit index (CFI), and Bentler-Bonett non-normed fit index (NNFI). Values of GFI, AGFI, CFI, and NNFI ≥0.9 indicate an adequate adjustment, and values of RMSEA ≤0.07 and SRMSR ≤0.05 suggest a good model fit [54] [55] [56] [57] [58] . All of the statistical analyses were performed using SAS v9.2. Statistical significance was set at p<0.05.
Results
Study sample
Of the 4,129 potentially eligible survivors for this study ( Fig. 1) , 2,240 completed the surveys and a clinical SJLIFE visit. SJLIFE participants with a clinical visit were largely similar compared to non-participants on key demographic variables including sex (51 vs. 58 % males, respectively), race (86 vs. 82 % white, respectively), and age at primary cancer diagnosis (median age 7 years for participants and nonparticipants). The distribution of childhood cancer diagnoses was also similar between the two groups, with a slightly larger percentage of leukemia diagnoses among participants (41 vs. 34 %). Of the 2,240 SJLIFE participants, 59 (3 %) did not complete a functional evaluation, 58 (3 %) had missing GSI values, 141 (6 %) had the BSI-18 completed by a proxy respondent, 15 (1 %) had acute medical conditions which would not allow them to perform the 6MW, balance, and hand grip strength tests, and 104 (5 %) had missing values for either the 6MW, balance, or hand grip strength. Therefore, the final study sample size was 1,863 (83.2 % of SJLIFE participants with a clinical visit). The characteristics of the study sample are presented in Table 1 .
Prevalence of distress
The percentage of survivors reporting an elevated level of global emotional distress (GSI) was 15.1 %. Elevated levels on the individual anxiety, depression, and somatization subscales were reported by 11.7, 15.0, and 17.8 % of survivors, respectively.
Bivariable regression analyses
The results of the bivariable logistic regression models are presented in Table 2 . Factors associated with an increase of the relative odds of global emotional distress included survivor report of any degree of cancer-related pain and at least mild learning or memory problems. For each incremental unit increase of the 6-min walk test, balance test, and maximum hand grip strength test, there was a decrease in the relative odds of global emotional distress.
Multivariable analyses
Factors significantly associated with global distress in the multivariable models are presented in Table 3 . Survivors who completed high school/GED or received training after high school other than college were more likely to have an elevated global distress compared to survivors who completed college or post-graduate education (OR 1.65; 95 % CI, 1.10-2.48). Survivors unable to work due to illness or disability were more likely to have an elevated global emotional distress than survivors who were not seeking paid work, a current student or retired, or working at least part-time (OR 1.83; 95 % CI, 1.01-3.34). Survivors not having any type of medical insurance were more likely to have an elevated level of global emotional distress compared to those having medical insurance other than Medicare, Medicaid, military dependent/ veteran's benefits (CHAMPUS), or other public assistance programs (OR 1.60; 95 % CI, 1.11-2.32).
Cancer-related pain, learning or memory problems, and age at evaluation were all associated with global emotional distress. The relative odds of emotional distress increased with increasing level of pain. Those who self-reported a lot of cancer-related pain were more likely to have elevated global emotional distress than survivors reporting no cancer-related pain (OR 8.72; 95 % CI, 5.32-14.31). Similarly, the relative odds of emotional distress increased with increasing level of learning or memory problems. Survivors who self-reported moderate learning or memory problems were more likely to have elevated global emotional distress than survivors reporting no learning or memory problems (OR 3.27; 95 % CI, 2.17-4.93). Each 1-year increase in survivor age at evaluation was associated with a 4 % increase in the predicted odds of global distress. Conversely, after accounting for age at evaluation, socioeconomic factors, and cancer-related factors, none of the physical ability factors (6MW, balance, and maximum hand grip strength) were significantly associated with global distress. For this reason, none of the physical ability variables were included in the path analysis for global distress.
Path analysis
Exploratory and confirmatory factor analyses showed that three indicator variables, education, health insurance, and employment, can be grouped into one latent construct representing SES. Standardized factor loadings for the three indicators were 0.54, 0.56, and 0.58, respectively, and support the convergent validity of the indicators [53] . Path analysis was performed for the global emotional distress as the outcome variable and also individually for each subscale (anxiety, depression, and somatization). Since no substantive differences were observed among the four path analyses, only the results obtained for the global emotional distress are presented. The path analysis with one latent variable and the best fitting model are presented in Fig. 2 . The corresponding performance indices for this model showed a good fit: RMSEA= 0.07, SRMSR = 0.04, GFI = 0.99, AGFI = 0.95, CFI = 0.93, NNFI=0.82. The standardized path coefficients are presented in Fig. 2 . Variables loading into the SES, cancer-related pain, and learning or memory problems were defined with values increasing from the worst possible outcome to the best possible outcome (e.g., very bad, excruciating pain to no pain at all). Therefore, an increase in age (β=0.10), lower levels of learning or memory problems (β=0.20), and less cancer-related pain (β=0.34) were associated with higher SES. Higher SES (β=−0.19), less cancer-related pain (β=−0.25), and lower levels of learning or memory problems (β=−0.16) were associated with lower global emotional distress. 
Discussion
This study examined factors and pathways leading to emotional distress in a large cohort of adult survivors of childhood cancer. Overall, 15 % of the study sample reported elevated emotional distress. Cancer-related pain and learning or memory problems were also risk factors for emotional distress. These results highlight the potential influence of cancerrelated late effects on emotional functioning in long-term survivors of childhood cancer. Consistent with previous reports, the majority of survivors in our sample did not report elevated symptoms of emotional distress, suggesting largely positive emotional adjustment several decades following diagnosis and treatment for childhood cancer. However, compared to previous estimates from the US Childhood Cancer Survivor Study (US CCSS) [21] , there was a slightly larger proportion of survivors reporting elevated symptoms of global emotional distress (GSI 15 vs. 12 %). A recent study from the Swiss Childhood Cancer Survivor Study (Swiss CCSS) also reported higher levels of distress compared to those of the US CCSS (GSI 14.4 vs. 12 %) [23] . The percentage of survivors in our study reporting elevated global distress was slightly higher than expected compared to published normative data (15 vs. 10 %, respectively) [41] . However, this direct comparison may not be appropriate as the BSI-18 normative data are derived from a community sample of employed adults whereas a sizeable proportion of our sample was unemployed. A comparison of distress among employed survivors and normative data (GSI 9 vs. 10 %, respectively) reveals more consistent levels of distress across groups. Notably in our study, mean levels of emotional distress across all subscales (depression, 49.99; anxiety, 48.75; somatization, 51.21) were similar to the US population norms (valued at 50 for all three subscales). This parallels the patterns observed in both the US and Swiss CCSS cohorts.
Self-report of very bad or excruciating cancer-related pain was associated with a 10.8-fold increased likelihood of elevated emotional distress compared to report of no pain, while report of severe or disabling learning or memory problems was associated with a 5.8-fold increased likelihood of elevated distress compared to report of no learning or memory problems. Past studies have also suggested an association between cancer-related pain and emotional distress in survivors of adult cancer onset [59] [60] [61] ; however, only a limited number of studies have assessed this association in survivors of childhood cancer. Others have observed an association of symptoms of depression [26] and cancer-related pain [25] and suicide ideation. Additionally, limited data exist to support the direct association between learning or memory problems and emotional distress in survivors of childhood cancer. A significant proportion of childhood cancer survivors may experience neurocognitive impairment in domains such as attention, memory, and processing speed [31, 32] . Survivors of a brain tumor diagnosed at a young age (<6 years old) and survivors of leukemia, especially those who received cranial radiation, are at increased risk of neurocognitive impairment [15, 17, 62] , reduced mental quality of life [21] , and emotional distress [19] .
Results from the path analysis suggest that cancer-related pain has a direct effect on symptoms of distress, yet may also operate indirectly through SES and learning or memory problems. Similarly, learning or memory problems evidenced a direct effect on emotional distress as well as an indirect effect through SES. This is not surprising given what is known from the extant literature. Specifically, cancer-related pain [7, 30, 63] and learning or memory problems [15, 17] have been previously associated with low SES in survivors of childhood cancer. Moreover, low SES has been associated with increased risk for emotional distress in cancer survivors [18, 19, 22] . Importantly, both cancer-related pain and learning or memory problems are potentially amenable to intervention. Cognitive remediation approaches have shown promise in treating cognitive late effects of childhood cancer treatment [33] [34] [35] , while pharmacologic, cognitive-behavioral, and complementary medicine approaches have been used for the management of cancer-related pain [36, 37] . Intervening on factors that contribute to emotional distress may have the potential to reduce the burden of distress symptoms in survivors, though future research will need to explore such associations. However, it will be important for primary health care providers to inquire about symptoms of pain in this at-risk group as early identification of symptoms may lead to timely pain management. The pain thermometer is an example of a singledimension screening measure that could be incorporated into regular follow-up care for survivors of childhood cancer [64] . Similarly, health care providers could incorporate the distress thermometer [65] , a brief screening tool for emotional symptoms [66] . The feasibility and reliability of brief neurocognitive screenings for cancer survivors has also been demonstrated [67] . These screening methods provide means of possible identification of survivors at risk for adverse psychological and cognitive outcomes who may benefit from referral to more specialized and/or comprehensive care.
The present findings should be considered in the context of certain limitations. First, differences in those who participated in this study versus those who did not participate may be a source of selection bias. Although not directly assessable, SJLIFE participants with a clinical visit in this analysis were similar on key demographic variables than were nonparticipants presumed to be eligible for participation. This finding is consistent with previously reported results from a comprehensive evaluation of potential participation bias from the SJLIFE cohort [68] , which somewhat reduces concern about possible differential participation. Another potential limitation centers on the measurement of emotional distress. The BSI-18 assesses acute symptoms of distress over the previous 7 days. This narrow reporting window may result in an underestimation of survivors who experience distress, since distress symptoms may fluctuate over time. In addition, cancer-related pain and learning or memory problems were each assessed using a single item. If learning and memory problems reflect different constructs, one cannot differentiate the contributions of each, given the structure of the single question in the survey. It should also be noted that because of the cross-sectional nature of this study, one cannot be certain of the temporal association between the identified risk factors and symptoms of emotional distress.
In summary, this study extends previous findings by reporting on cancer-related late effects that may directly and indirectly result in elevated symptoms of emotional distress many years after cancer treatment. Understanding the contribution of cancer-related risk factors to emotional distress, as well as the interplay between these and established risk factors, may help inform intervention targets for survivors of childhood cancer experiencing significant distress symptoms. 
